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(TW) 

goArigigogggllieT?dg?sgklcA The present invention provides a tWin bit cell ?ash memory 
INTERNATIONAL PATENT OFFICE) device and its fabricating method. The method is to ?rst 
R0‘ BOX 50 6 form a gate oxide layer on the surface of the silicon substrate 
MERRIFIELD’ VA 22116 (Us) followed by forming a polysihcon germanium (S11_XGeX, 

X=0.05~1.0) layer on the gate oxide layer. Thereafter, an ion 
(21) Appl- NO-I 10/063,879 implantation process is performed to form at least one 

insulating region in the polysilicon germanium layer for 
separating the polysilicon germanium layer into tWo isolated 

Related US Application Data conductive regions and forming a tWin bit cell structure. 
Then, a dielectric layer is formed on the polysilicon germa 

(62) Division of application NO- 09/682,809, ?led On Oct- nium layer and a photo-etching-process (PEP) is performed 

(22) Filed: May 21, 2002 

22> 2001’ HOW Pat‘ NO‘ 6>420>237' to etch portions of the dielectric layer and the polysilicon 

Publication Classi?cation germanium layer for‘ forming a ?oating gate of the tWin bit 
cell ?ash memory. Finally, a control gate is formed over the 

(51) Int. Cl.7 ................................................... .. H01L 29/76 ?oating gate. 
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TWIN BIT CELL FLASH MEMORY DEVICE AND 
ITS FABRICATING METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a division of application Ser. 
No. 09/682,809 ?led Oct. 22, 2001. 

BACKGROUND OF INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention provides a tWin bit cell ?ash 
memory device and its fabricating method. 

[0004] 2. Description of the Prior Art 

[0005] A read only memory (ROM) device, comprising a 
plurality of memory cells, is a semiconductor device With a 
primary function of memory storage. The ROM device is 
Widely used in computer data storage and memory. Depend 
ing on the method of storing data, the ROM can be divided 
into several types such as Mask ROM, programmable ROM 
(PROM), erasable programmable ROM (EPROM), and 
electrically erasable programmable ROM (EEPROM). 

[0006] Differing from other types of ROM that use a 
polysilicon or metal ?oating gate, a nitride read only 
memory (NROM) uses an insulating dielectric layer as a 
charge-trapping medium. Due to a highly-compacted nature 
of the silicon nitride layer, hot electrons tunneling from the 
MOS transistor into the silicon nitride layer are trapped to 
form an unequal concentration distribution so as to increase 
data reading speed and avoid current leakage. 

[0007] Please refer to FIG. 1 to FIG. 4 of schematic 
diagrams of a prior art method for fabricating an NROM. As 
shoWn in FIG. 1, according to the prior art for fabricating a 
gate of the NROM, a semiconductor Wafer 10 comprising a 
P-type silicon 12 is ?rst provided. An oxidation process 
Within a temperature range of 750° C.~1000° C. is then 
performed, to form an oxide layer With a thickness of 50-150 
angstroms as a bottom oxide layer 14 on a surface of the 
silicon substrate 12. LoW-pressure chemical vapor deposi 
tion (LPCVD) is used to deposit a silicon nitride layer 16 
With a thickness of 20 to 150 angstroms on the bottom oxide 
layer 14, Which functions as a charge trapping layer. Finally, 
an annealing process is performed under a high temperature 
of 950°C. for a duration of 30 minutes to repair the structure 
of the silicon nitride layer 16. Water and steam are injected 
to perform a Wet oxidation process to form a silicon oxy 
nitride layer With a thickness of 50 to 150 angstroms as a top 
oxide layer 18. The bottom oxide layer 14, the silicon nitride 
layer 16 and the top oxide layer 18 comprise an ONO layer 
20 on the surface of the silicon substrate 12. 

[0008] Please refer to FIG. 2 of a photoresist layer 22 
formed on a surface of the ONO layer 20, and a photolitho 
graphic and etching process performed to form patterns in 
the photoresist layer 22 for de?ning the position of a bit line. 
FolloWing that, the patterns of the photoresist layer 22 are 
used as a mask for performing a dry etching process to 
remove the top oxide layer 18 and the silicon oxide layer 16 
Which are not covered by the photoresist layer 22, and to 
etch portions of the bottom oxide layer 14 to a predeter 
mined depth. An arsenic ion implantation process is 
performed With an ion concentration of 2~4><1015/cm2 and 
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With an energy of 50 Kev for forming a plurality of doped 
areas in the silicon substrate 12, Which function as bit lines 
24, i.e. buried drains of the memory device. Thereafter, the 
photoresist layer 22 is completely removed. 

[0009] As FIG. 3 shoWs, a thermal oxidation process is 
used to form a ?eld oxide layer 26 on a top surface of bit 
lines 24 for separating each silicon oxide layer 16 and 
simultaneously to activate the dopants in each bit line 24. 
Finally, as FIG. 4 shoWs, a polysilicon layer or a polysilicide 
layer is deposited on the surface of the ONO layer 20 that 
functions as a Word line 28. 

[0010] Since an NROM uses the charge trapping layer as 
a charge storage medium, hot electrons injected in the charge 
trapping layer during programming of the device form a 
distribution curve With respect to injection energy. There 
fore, electron secondary injection easily occurs to form an 
electron tail and Wider charge distribution. When an erasing 
process is performed, the distribution curve of electric holes 
injected into the charge trapping layer cannot completely 
overlap the distribution curve of injected electrons, leading 
to an incomplete erasure or longer erasing time. 

SUMMARY OF INVENTION 

[0011] It is therefore a primary objective of the present 
invention to provide a structure of a tWin bit cell ?ash 
memory device for increasing memory cell density and to 
solve the problem of incomplete erasure that occurs in the 
NROM of the prior art. 

[0012] It is another object of the present invention to 
provide a method for fabricating a ?ash memory device so 
as to fabricate a tWin bit cell ?ash memory device With high 
integration. As Well, the problem of incomplete erasure of 
NROM is prevented and reliability of data retention is 
improved. 
[0013] In an embodiment of the present invention, the 
method comprises ?rstly forming a gate oxide layer on the 
surface of the silicon substrate folloWed by forming a 
polysilicon germanium (Si1_XGeX, x=0.05~1.0) layer on the 
gate oxide layer. Thereafter, an ion implantation process is 
performed to form at least one insulating region in the 
polysilicon germanium layer for separating the polysilicon 
germanium layer into tWo isolated conductive regions and 
forming a tWin bit cell structure. Then, a dielectric layer is 
formed on the polysilicon germanium layer and a photo 
etching-process (PEP) is performed to etch portions of the 
dielectric layer and the polysilicon germanium layer for 
forming a ?oating gate of the tWin bit cell ?ash memory. 
Finally, a control gate is formed over the ?oating gate. 

[0014] The present invention uses a conductive layer as a 
charge trapping layer and uses an oxidation region to sepa 
rate the charge trapping layer into tWo isolated charge 
capture regions. Hence, the tWo regions can be respectively 
read and be programmed to form a tWin bit cell structure. 
Additionally, the tWo charge capture regions are both con 
ductive layers comprising poly silicon germanium, so the 
combination e?iciency of electrons and electric holes is very 
high in the conductive layer. Therefore, the problem of 
incomplete erasure of NROM is prevented and reliability of 
data retention is improved. 

[0015] These and other objectives of the present invention 
Will no doubt become obvious to those of ordinary skill in 
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the art after having read the following detailed description of 
the preferred embodiment, Which is illustrated in the various 
?gures and draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] FIG. 1 to FIG. 4 are schematic diagrams of a prior 
art method for fabricating an NROM. 

[0017] FIG. 5 to FIG. 8 are schematic diagrams of a 
present invention method for fabricating a tWin cell ?ash 
memory device. 

[0018] FIG. 9 is a cross-sectional diagram of a structure of 
a tWin bit cell ?ash memory device according to the present 
invention. 

DETAILED DESCRIPTION 

[0019] Please refer to FIG. 5 to FIG. 8 of schematic 
diagrams of a present invention method for fabricating a 
tWin bit cell ?ash memory device. As shoWn in FIG. 5, 
according to the present invention for fabricating a tWin bit 
cell ?ash memory device, a semiconductor Wafer 80 com 
prising a P-type silicon substrate 82 is ?rst provided. A high 
temperature oxidation process is performed to form a silicon 
oxide layer With a thickness of 50 to 150 angstroms as 
a gate oxide layer 84 on the surface of the silicon substrate 
82. Then, a chemical vapor deposition (CVD) process using 
silane (SiH4), germane (GeH4) and hydrogen as reacting 
gases at a temperature of 450° C. to 620° C. is performed to 
deposit a polysilicon germanium (Si1_XGeX, x=0.05~1.0) 
layer With a thickness of 500 to 1000 angstroms on the 
surface of the gate oxide layer 84, Which functions as a 
conductive layer 86. 

[0020] A photoresist layer 88 is formed on the surface of 
the conductive layer 86, and patterns of isolation regions 87 
in the conductive layer 86 are de?ned in the photoresist layer 
88. An ion implantation process is performed to implant a 
high concentration of oxygen dopant, or a high concentra 
tion of nitrogen dopant into the conductive layer 86. The 
implanting dose for oxygen ions is 1~2><1018/cm2, With an 
implanting energy of 20 to 80 KeV. A high temperature 
annealing process With a temperature range of 950° C. to 
1150° C. is then performed to react the dopants implanted in 
the conductive layer 86 With the polysilicon germanium of 
the conductive layer 86 for forming an isolation region 87 
composed of silicon oxide or silicon nitride, Which separates 
the conductive layer 86 into tWo isolated conductive regions. 
The silicon oxide or silicon nitride comprising the isolation 
region 87 is also formed by reacting the dopants implanted 
in the conductive layer 86 With silicon germanium of the 
conductive layer 86 during the subsequent high temperature 
driving-in process performed for forming sources and drains 
of the memory device so as to reduce thermal budget of the 
semiconductor process. 

[0021] As FIG. 6 shoWs, a silicon oxide layer With a depth 
of 50 to 150 angstroms formed on the surface of the 
conductive layer 86 functions as a dielectric layer 90. A 
patterned photoresist layer 94 is then formed on the surface 
of the dielectric layer 90 to de?ne patterns of ?oating gate 
95 of the ?ash memory device, With each ?oating gate 95 
comprising tWo isolated conductive regions 70. The pat 
terned photoresist layer 94 is used as a hard mask to etch 
portions of the dielectric layer 90 and the conductive layer 
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89 for forming a plurality of ?oating gates 95. Thereafter, an 
arsenic ion implantation process With an implant dos 
age of 2~4><1015/cm2 and implantation energy of 50 Kev is 
performed to form a plurality of doped areas in the silicon 
substrate 82, Which function as bit lines 96 of the memory 
device. Then the photoresist layer 94 is completely removed. 
In the second embodiment, the dielectric layer 90 can be 
directly formed on the conductive layer 86 When depositing 
the polysilicon germanium on conductive layer 86 folloWed 
by performing an ion implantation process to form the 
isolated regions 87. 

[0022] As shoWn in FIG. 7, a thermal oxidation process is 
performed to form a ?eld oxide layer 97 on the surface of the 
bit line 96 to separate each conductive layer 86. As Well, the 
thermal oxidation process also actives the dopants in each 
bit line 96. In the third embodiment, the thermal oxidation 
process forming the ?eld oxide layer 97 simultaneously 
oxidiZe the surface of the conductive layer 86 to form the 
dielectric layer 90.after the formation of conductive layer 
86, isolation region 87 and ?oating gates 95. The thermal 
oxidation process also forms an oxide layer 99 on the 
exposed side Walls of each conductive layer 86. 

[0023] Finally, a polysilicon layer or a polysilicide layer is 
deposited on a surface of the ?oating gate 95 as a Word line 
98. After the deposition process, a plurality of roWs of Word 
lines 98 is formed on the semiconductor Wafer 80 approxi 
mately perpendicular to the bit lines 96, as shoWn in FIG. 8. 

[0024] Please refer to FIG. 9 of a cross-sectional diagram 
of the structure of a tWin bit cell ?ash memory device 100 
according to the present invention. The tWin bit cell ?ash 
memory device 100 contains a stacked gate 101, a source 
103 and a drain 105. There is a channel 107 on the surface 
of the substrate 82 betWeen the source 103 and the drain 105. 
The stacked gate 101 comprises a gate oxide layer 84, a 
conductive layer 86, a dielectric layer 90 and a control gate 
91 formed in sequence on the surface of the channel 107. 
The control gate 91 is a portion of Word line 98 that overlaps 
the ?oating gate 95. The conductive layer 86 contains 
another isolation region 87 separating the conductive layer 
86 into tWo isolated conductive regions 70, to form a tWin 
bit cell structure. An oxide layer 99 can be formed on the 
exposed side Walls of each conductive layer 86 for prevent 
ing direct contact betWeen each conductive layer 86 and 
Word line 98. Each conductive region 70 functions as a 
charge trapping layer to receive and hold electrons injected 
into the conductive region 70, so forming the tWin bit cell 
?ash memory device 100. 

[0025] The conductive layer 86 of the tWin bit cell ?ash 
memory device 100 shoWn in FIG. 9 is composed of a 
polysilicon germanium layer With the chemical composition 
of Si1_XGeX, x=0.05~1.0. The insulating region is formed by 
implanting a high concentration of oxygen dopant by per 
forming an oxygen ion implantation process With an 
implanting dose of 1~2><1018/cm2 and an implanting energy 
of 20-80 KeV into the polysilicon germanium layer, and then 
performing a high temperature annealing process With a 
temperature betWeen 950° C. and 1150° C. Furthermore, the 
insulating region 87 also can be formed by implanting a high 
concentration of nitrogen dopant into the polysilicon ger 
manium layer, and then performing a thermal process. 

[0026] The tWin bit cell ?ash memory device according to 
the present invention uses a conductive layer as a charge 
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trapping layer, and an isolating region is formed in the 
conductive layer to separate the conductive layer into tWo 
isolated charge capture regions. Hence, the tWo regions can 
be respectively read and programmed to form a tWin bit cell 
structure. 

[0027] In contrast With the NROM manufactured by the 
prior art method, the present invention provides a structure 
of a tWin bit cell ?ash memory device so as to increase the 
integration of the memory device Without reducing critical 
dimensions of the Wafer in different processes. Therefore, 
misalignment that occurs during the photolithographic pro 
cess for de?ning ?oating gates in the photoresist layer, and 
Which leads to loWer process yields, is prevented. As Well, 
the active dopant concentration Within the conductive layer 
composed of polysilicon germanium is increased so as to 
reduce the poly depletion effect resulting in signal delay of 
the gate. The combination ef?ciency of electrons and electric 
holes is very high in the conductive layer, so the problem of 
incomplete erasure of NROM is prevented and the reliability 
of data retention is improved. 

[0028] Those skilled in the art Will readily observe that 
numerous modi?cations and alterations of the device may be 
made While retaining the teachings of the invention. Accord 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 

What is claimed is: 
1. A tWin bit cell ?ash memory device, the device com 

prising: 

a semiconductor substrate; 

a source and a drain positioned in a predetermined area of 
the semiconductor substrate, and the drain and the 
source separated by a predetermined distance; 

a channel positioned on the surface of the semiconductor 
substrate betWeen the source and the drain; 

a ?rst dielectric layer covering the surface of the channel; 

a polysilicon germanium layer covering the surface of the 
?rst dielectric layer, the polysilicon germanium layer 
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having an insulating region for separating the polysili 
con germanium layer and forming tWo isolated con 
ductive regions so as to form a tWin bit cell structure; 

a second dielectric layer covering the surface of the 
polysilicon germanium layer; and 

a gate covering the surface of the second dielectric layer; 

Wherein each conductive region serves as a charge trap 
ping layer so as to receive and store electrons injected 
into the conductive region to generate a respective bit. 

2. The ?ash memory device of claim 1 Wherein the 
semiconductor substrate is a P-type substrate, and the source 
and the drain are both N-type doped areas. 

3. The ?ash memory device of claim 1 Wherein the 
semiconductor substrate is an N-type substrate, and the 
source and the drain are both P-type doped areas. 

4. The ?ash memory device of claim 1 Wherein the 
chemical composition of the polysilicon germanium layer is 
S11_XG6XX=0.05~1.0. 

5. The ?ash memory device of claim 1 Wherein the 
insulating region is formed by implanting a high concentra 
tion of oXygen dopant into the polysilicon germanium layer, 
and then performing a thermal process. 

6. The ?ash memory device of claim 5 Wherein the high 
concentration of oXygen dopant is formed by an oXygen ion 
implantation process, the implanting dosage being approxi 
mately 1~2><1018/cm2, the implanting energy ranging from 
20 KeV to 80 KeV. 

7. The ?ash memory device of claim 5 Wherein the 
thermal process is a high temperature annealing process With 
a temperature range of 950° C. to 1150° C. 

8. The ?ash memory device of claim 1 Wherein the 
insulating region is formed by implanting a high concentra 
tion of nitrogen dopant into the polysilicon germanium 
layer, and then performing a thermal process. 

9. The ?ash memory device of claim 1 Wherein an oXide 
layer is also formed on the eXposed side Walls of each 
conductive region. 


